Glycine exists mainly as monomers, not dimers, in supersaturated aqueous solutions: implications for understanding its crystallization and polymorphism.
Glycine, the simplest amino acid, is described as existing as hydrogen-bonded cyclic dimers in supersaturated aqueous solutions and, as a result, crystallizing in a centrosymmetric polymorph (polymorph alpha) for which the dimer can be viewed as the building unit, in favor of other polymorphs of polar structures. In exhibiting this relation between polymorphic selectivity and self-association in solution, glycine is thought to illustrate a general principle. We measured the freezing-point depression of glycine-water up to 30% supersaturation and found that glycine exists mainly as monomers, not dimers, and that the dimer stability constant K D is smaller than 0.1 kg of H 2O/mol if the observed osmotic abnormality is attributed to dimerization. We also revisited a report cited as evidence for glycine dimerization: the slowdown of glycine diffusion with solution age. Pulsed gradient spin-echo NMR spectroscopy was used in place of the previous method of Gouy interferometry to avoid perturbations to sloution structure caused by the interdiffusion between two solutions of different concentrations. No aging effect was observed on glycine diffusion up to 24% supersaturation after five days. The solute size calculated from diffusivity, viscosity, and the Stokes-Einstein relation showed no increase with concentration or solution age. We conclude that glycine exists in supersaturated aqueous solutions mainly as monomers, not dimers, and remains so upon aging. This result does not invalidate the theories of how pH and additives affect glycine's polymorphic preference, because they begin with the assumption that alpha glycine is the preferred polymorph under normal conditions, but requires a new explanation for that assumption itself.